Dry Granular Flows Impacts on Rigid Obstacles: DEM Evaluation of a Design Formula for the Impact Force  by Calvetti, Francesco et al.
 Procedia Engineering  158 ( 2016 )  290 – 295 
1877-7058 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under the responsibility of the organizing and scientific committees of CNRIG2016
doi: 10.1016/j.proeng.2016.08.444 
ScienceDirect
















WKH REVWDFOH LWV LQLWLDO YROXPH YHORFLW\ GLVWULEXWLRQ KHLJKW OHQJWK DQG SRURVLW\ DUH DVVLJQHG DV LQLWLDO FRQGLWLRQV 7KH LQLWLDO
FRQGLWLRQVDUHYDULHGWRWDNHLQWRFRQVLGHUDWLRQDODUJHYDULHW\RIJHRPHWULFDOPHFKDQLFDOIDFWRUVVXFKDVWKHLQLWLDOIURQWLQFOLQDWLRQ










© 2016 The Authors. Published by lsevier td. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under the responsibility of the organizing and scientific committees of CNRIG2016
291 Francesco Calvetti et al. /  Procedia Engineering  158 ( 2016 )  290 – 295 
,QWURGXFWLRQ
,QWKHGHVLJQRIVKHOWHULQJIRUUDSLGODQGVOLGHULVNPLWLJDWLRQSVHXGRVWDWLFDSSURDFKHVDUHYHU\RIWHQHPSOR\HG



























GLVUHJDUGHG)RU WKLV UHDVRQ WKH LPSDFWLQJJUDQXODUPDVV LVJHQHUDWHG MXVW LQ IURQWRI WKHREVWDFOHDQGKRUL]RQWDO
XQLIRUP LPSDFW YHORFLW\ LV DVVLJQHG WRDOOSDUWLFOHV9HUWLFDOJUDYLW\ IRUFH LV DSSOLHGDW WKH VDPH WLPH7KH LQLWLDO
FRQGLWLRQV WDNH LQWR FRQVLGHUDWLRQ D ODUJH YDULHW\ RI JHRPHWULFDOPHFKDQLFDO IDFWRUV VXFK DV WKH LQLWLDO IURQW
LQFOLQDWLRQLWVKHLJKWWKHLQLWLDOYRLGUDWLRWKHOHQJWKRIWKHLPSDFWLQJPDVVDQGWKHLQWHUSDUWLFOHIULFWLRQDQJOH7DEOH
DQG
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7KHSHDNRIWKHLPSDFWIRUFHLVUHDFKHGYHU\UDSLGO\DQGWKHUHVLGXDOIRUFHLVDERXWWZLFHWKHVWDWLFRQH)LJ
%HIRUHWKHPDVVDWWDLQVWKHUHVLGXDOVWDWHDWOHDVWWZRVHFRQGDU\LPSDFWZDYHVDUHREVHUYHG7KHWLPHLQWHUYDOEHWZHHQ









UHFRUGHG DIWHU D WLPH LQWHUYDO UDSLGO\GHFUHDVLQJZLWK WKH IURQW LQFOLQDWLRQ )LJ F1RWH WKDWD   LV D OLPLW
FRQGLWLRQZKHUHDOOSDUWLFOHVDWWKHIURQWRIWKHIORZLQJPDVVLPSDFWWKHEDUULHUDWWKHVDPHLQVWDQWRIWLPH
(PSLULFDOHTXDWLRQ
,Q RUGHU WR LQWHUSUHW WKH UHVXOWV RI WKH VLPXODWLRQV LV XVHIXO WR KLJKOLJKW WKH G\QDPLF QDWXUH RI WKH LPSDFW E\
VXEWUDFWLQJIURPWKHLPSDFWIRUFHWKHVWDWLFYDOXHUHSUHVHQWHGE\WKHSDVVLYHWKUXVW6SZKLFKFRUUHVSRQGVWRWKHYDOXH
0,)WHQGVWRZKHQLPSDFWYHORFLW\WHQGVWR]HUR7ZRQHZYDULDEOHVDUHWKHUHIRUHLQWURGXFHG
'0,)  0,) 63 DQG '0,)   '0,) I V   
7KHUHVXOWVRIDOOVLPXODWLRQVSHUIRUPHGLQWKHLQYHVWLJDWHGUDQJHRISDUDPHWHUVFDQEHGHVFULEHGE\WKHIRUPXOD
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





E\(T ZKLFK LQ WXUQ LVEDVHGRQ WKH'(0VLPXODWLRQVDW OHDVW IRU WKHVPDOOHU IURQW LQFOLQDWLRQ LHZKHQ WKH
LQIOXHQFHRIWKHGHIRUPDEOHERG\FRQWULEXWLRQLVVPDOOHUVHH7DEOH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VWDWLF PHWKRGV DQG HPSLULFDO IRUPXODH WKDW DUH EDVHG RQ DQDORJLHV ZLWK K\GURVWDWLF FRQGLWLRQV RU DVVXPH
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